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Mathematical Techniques

Chapter 10

GEOMETRIC FUNCTIONS
The result of any operation performed by terrain analysts will only be as accurate
as the measurements used. An interpretation and detailed analysis often requires
terrain analysts to use basic geometric functions. In addition, approximation of
volume, extent of stock piles, and capacity of floor space require geometric
formulas. Therefore, analysts must have a sound background in the fundamentals
of basic imagery math. This section serves as a guide to a unique and comprehensive collection of current geometric formulas that are basic to all types of imagery
interpretation.

10-1

FM 5-33

10-2

Formulas

PART FOUR

PART FOUR

Formulas

FM 5-33

Angle of Repose
The angle of repose of any material is the angle at which material will stand when
piled. Moisture content is often the controlling factor. The percent of fine material
in the mass has a decided influence on the angle, as the fine carries the bulk of the
moisture. Screened material has an angle of repose of 35 to 40 degrees.
Table 10-1 gives the average angle of repose and the average weight per cubic
foot of various materials of interest to the terrain analyst.

Thus, knowing the angle of repose of a specific material, we can solve for
height, using the horizontal dimensions.
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Example: Find the height (h) of a pile of limestone.
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Formula:
h = 0.75355 x 20 ft.
h = 15.071 ft.
Where-b = 40 feet
Angle A = 37 degrees
Tan 37° = 0.75355 (from Table 10-1)

TRIGONOMETRIC FUNCTIONS
Oblique photos and thermal and SLAR imagery are often used to supplement or
take the place of vertical photographs. In order to ensure maximum use of this
imagery, the interpreter must be familiar with certain concepts, formulas, and
principles concerning their accurate interpretation. This section gives the terrain
analyst a basic understanding of trigonometric functions necessary for solving
problems dealing with these special types of imagery, as well as a table of
trigonometric conversions.
Six Functions
To define the six trigonometric functions upon which trigonometry is based,
consider the angle, initial side AQ, and terminal side AS.
Choose any point B, different from A on the terminal side AS, and drop a
perpendicular BC to the initial side AQ. From the three sides (BC, AC, and AB)
associated with point B, six ratios are formed which are called the six trigonometric
functions of Q.
These ratios are independent of the position of the point B on the freed terminal
side AS, for if we choose any other point B1 on AS and drop the perpendicular
BlC1 to the initial side AQ, the two right triangles ABC and AB1C1 are similar.
Therefore, their corresponding sides have the same ratios.
If the angle is placed in standard position on a coordinate system, and the distance
AB is designated by c, the six trigonometric functions may be defined as follows:
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To define trigonometric functions of the sides of right triangles, one will
often find it convenient to use the functions of an acute angle. Thus, functions
of the acute angle B may be written as follows:

By comparing the values of the functions of angle A and angle B, we find the
following equations:
Since angles A and B are complementary, the cosine, cotangent, and cosecant are
called cofunctions of the sine, tangent and secant respectively. Conversely, we
may state the following theorem: Any trigonometric function of an acute angle is
equal to the corresponding cofunction of its complementary angle.
We can use this theorem to express any function of an angle greater than 45
degrees in terms of a function of an angle less than 45 degrees. For this reason,
tables of values of the trigonometric functions need be computed only for angles
from 0 to 45 degrees instead of from 0 to 90 degrees.
Illustrations: (a) Sin 76°43’ = Cos 90° -76° 43’= Cos 13°17’
(b) Cot 51° 28’9“ = Tan 90° - 51°28’ 9“= Tan 38°31’51”
Right Triangles
Terrain analysts will use the functions of the right triangle most often for
interpretation purposes. In any triangle, the sum of the interior angles is 180
degrees. If the triangle to be solved is a right triangle, one of the known parts in
any case is the angle C; that is, C = 90 degrees, and A + B = 90 degrees. To solve
a right triangle, therefore, we must find two sides or one side and an acute angle,
using the formulas-A + B =90 degrees

.
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If two sides are given, we can find the sin of angle A from the above formulas
involving the two given sides. We may then use another formula to find the
remaining side, and then find angle B by subtracting angle A from 90 degrees.
If one side of an acute angle is given, we begin by finding the other acute
angle. Then we select one of the trigonometric formulas containing an unknown
side and solve for it.
Pythagorean Theorem
The Pythagorean theorem provides a method for finding the lengths of the sides
of a right triangle and checking the trigonometric method, with the statement: The
square of the hypotenuse of a right triangle is equal to the sum of the squares of the
other two sides. Related to a right triangle labeled A, B, and C, as shown previously
and reproduced here for convenience, the theorem may be stated as the formula
2

2

a+ b= c

2

or
2

2

c=a+b

2

Note: In order to solve the formula, we must understand the solution to the
square root function. The square root of a number is the result of a number
multiplied by itself. For example, 2 x 2 = 4, so the square root of 4 is 2.
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